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Successful enantioselective Heck–Matsuda arylations were accomplished for the ﬁrst time using chiral
bisoxazolines as ligands. Enantioselective Heck arylations were performed with several cyclic nonactiva-
ted oleﬁns to provide the Heck products in 63–96% isolated yields and in enantiomeric excesses of 54% up
to 84%.
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Enantioselective catalysis has revolutionized the ﬁeld of organic
synthesis and brought huge beneﬁts for society in general. For
example, the development of enantioselective catalysis provides
more selective and less toxic therapeutical drugs, fragrances and
new materials.1 Additionally, the development of effective and
practical catalytic methods, which carry economical and ‘greener’
aspects, has been a topic of great interest in recent years. In this
context, palladium catalyzed coupling of arenediazonium salts to
oleﬁns (Heck–Matsuda reaction) represents a reliable method to
access structurally complex and bioactive molecules.2 The Heck–
Matsuda arylations can be performed under aerobic conditions
without requiring expensive and toxic phosphine ligands. Besides,
these Heck arylations are much easier to carry out than conven-
tional protocols.3 The ﬁrst example of arenediazonium salts as ary-
lating agents of oleﬁns catalyzed by palladium was described by
Tsutomu Matsuda in 1977.4 In spite of the many advantages and
the long-term existence of the Heck–Matsuda (HM) reaction, its
enantioselective version constitutes a considerable challenge due
to the incompatibility of the phosphine ligands often used in the
conventional Heck reactions with the arenediazonium salts.5
Results and discussion
Herein, we describe the ﬁrst protocol to perform an asymmetric
version of the Heck–Matsuda reaction using chiral, nonracemic,reia).
lsevier OA license.bisoxazoline ligands (Fig. 1).6,7 The results presented might open
the door for the next stage of development of the Heck–Matsuda
reaction and its consolidation as a robust, reliable and broad scope
synthetic method. The protocols reported in this work are very
mild, fast and do not use any air-sensitive phosphines as chiral li-
gands or any anhydrous solvents.
We started our investigation using the symmetric and nonacti-
vated oleﬁn 1 and them-CF3-substituted arenediazonium salt 2a as
a model reaction to optimize conditions for asymmetric induction
(Table 1). The Heck–Matsuda arylation of 1 using our previously
reported procedure (Pd(OAc)2, excess of arenediazonium salt in
methanol at 60 C) gave the desired product 3a in 93% yield after
5 h.8 Prompted by the excellent result obtained with oleﬁn 1, we
decided to employ the same protocol for our initial studies of the
asymmetric version of the HM arylation using the chiral bisoxazo-
line I (Fig. 1). Under these conditions, the product 3a was obtainedPh Ph
II
Figure 1. The chiral bisoxazolines used in this study.
Table 1
Evaluating conditions for the enantioselective HM
MeO2C CO2Me
1
N2BF4
2a
∗
CO2Me
CO2Me
CF3
3a
F3C
[Pd]
Ligand
additives
MeOH
60 °C
Entry [Pd] (10 mol %) Ligand (20 mol %) Additive (equiv) Time (min) Yield (%) eea
1 Pd(OAc)2 I — 300 53 24
2 PdCl2(MeCN)2 II Ag2CO3 (1) 300 74 48
3 PdCl2(MeCN)2 II Ag2CO3 (2) 45 81 54
4 PdCl2(MeCN)2 II Ag2CO3/ Zn(OTf)2 (0.2)/(0.1) 20 81 54
5 PdCl2(MeCN)2 II AgClO4 (2) 20 56 14
6 Pd(CF3CO2)2 II Zn(OTf)2 (0.1) 10 90 44
7 Pd(CF3CO2)2 II Zn(OTf)2 (1) 15 90 34
8 Pd(CF3CO2)2 III Zn(OTf)2 (1) 180 75 0
9 Pd(CF3CO2)2 I Zn(OTf)2 (1) 160 81 0
10b Pd(CF3CO2)2 II Zn(OTf)2 (1) 180 85 34
11 Pd(CF3CO2)2 II — 100 77 38
12c Pd(CF3CO2)2 II — 20 76 38
13d Pd(CF3CO2)2 II — 20 83 84
14e Pd(CF3CO2)2 II — Ndf 46
a Determined by GC on a chiral HP-5 column.
b T = 25 C.
c Using 5 mol % of Pd(CF3CO2)2 and 6 mol % of II.
d Using 1 equiv of 2,6-di-tert-butyl-4-methylpyridine (DTBMP) as base.
e Using 1 equiv of NaOAc as base.
f nd = not determined.
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after 5 h (Table 1, entry 1). Changing the solvent to CH3CN, PhCN,
or dimethylcarbonate gave the corresponding Heck adduct only
in trace amounts. PdCl2(MeCN)2 was also found to be a viable cat-
alyst for the HM arylation of oleﬁn 1. However, considering that
different mechanisms (cationic, neutral and neutral pentacoordi-
nate) might be operating and potentially eroding the enantioselec-
tivity of the reaction in this case, we decided to use silver salts as
halide scavengers.9 Therefore, when using PdCl2(MeCN)2 as cata-
lyst we also added 1 equiv of Ag2CO3 to the reaction in order to re-
move chloride ions and establish the cationic pathway. We were
delighted to ﬁnd out that using bisoxazoline II (Fig. 1) the desired
Heck product was isolated in a good 74% yield with a moderate, but
signiﬁcant, ee of 48% after 5 h (Table 1, entry 2). We hypothesize
that the increase in ee is probably due to the greater stability of
the expected palladium complex as a ﬁve-membered chelate.10
Since only catalytic amounts of silver salt would be theoreti-
cally necessary, the amount of Ag2CO3 was reduced to 10 mol %.
Interestingly, under this condition, we observed a sluggish reaction
and a decrease in the ee’s to the extent of affording a roughly race-
mic product. On the other hand, an increase in the amount of
Ag2CO3 (2 equiv) had a striking effect on the reaction time and a
slight increase in yield. After 45 min, the product was obtained in
81% yield and 54% ee (Table 1, entry 3). In an attempt to under-
stand the role of the silver salts, we carried out the arylation with
catalytic Ag2CO3/Zn(OTf)2. Surprisingly, we observed a further de-
crease in reaction time (20 min) while maintaining the good yield
and moderate ee (Table 1, entry 4). Although the role of the
Zn(OTf)2 is not clear, we speculate that this Lewis acid might be
accelerating the oxidative addition of Pd(0) to the arenediazonium
salt. Curiously, changing the nature of the counter-ion associated
with the silver salts (AgClO4) caused a sharp decrease in the
enantioselectivity and yield (Table 1, entry 5). As chelation of Pd
to the chiral bisoxazoline is of utmost importance for enantioselec-
tivity, we decided to replace the Pd catalyst to Pd(CF3CO2)2. The use
of Pd(CF3CO2)2 and Zn(OTf)2 (10 mol %) as Lewis acid provided theHeck product in 90% yield in 44% ee after only 10 min (Table 1, en-
try 6). Changing the amount of Zn(OTf)2, the catalyst loading and
the temperature resulted in no signiﬁcant improvements in the
enantioselectivity, affecting basically yields and reaction times (Ta-
ble 1, entries 7,10 and 12). We then decided to evaluate other com-
mercial bisoxazolines. Thus, bisoxazoline II was replaced by
bisoxazolines I and III in the presence of Zn(OTf)2 (Table 1, entries
7–9). The Heck products were obtained in good yields (75% and
81% respectively). However, in spite of the supposedly greater
coordinating power of these ligands only racemic products were
obtained. We then focused our attention on the role of the base
considering that higher enantioselectivities were obtained in the
presence of CO23 (Table 1, entries 2–4). Gratifyingly, the use of
2,6-di-tert-butyl-4-methylpyridine (DTBMP) as base, furnished
the Heck product in 83% yield in a very good ee of 84% after only
20 min (Table 1, entry 13).7 Surprisingly, NaOAc as base had a det-
rimental effect on the reaction providing a complex and insepara-
ble mixture of products (Table 1, entry 14).2a With optimized
conditions in hand, an investigation of the scope of the enantiose-
lective Heck–Matsuda reaction was initiated. As outlined in Table
2, we have found that a broad range of arenediazonium salts can
be enantioselectively coupled to oleﬁn 1. Both electron deﬁcient
and electron rich diazonium salts can be employed providing the
Heck adducts in good to excellent yields (63% up to 96% yields)
and good enantioselectivities (60% up to 84% ee) in less than an
hour.11 Interestingly, higher levels of enantioselectivity were ob-
tained using electron deﬁcient diazonium salts. In a few cases it
was not possible to chromatographically separate the enantiomers.
Therefore, in these cases we performed the measurement of the
optical rotation of each product as an evidence of the asymmetric
induction in the reaction (3i–j, Table 2).
Increasing the oleﬁn ring size from ﬁve to six-membered re-
sulted in a decrease in the enantioselectivity of the arylation reac-
tion (5 in Scheme 1). We rationalized this lower enantioselectivity
as a consequence of the increasing conformational freedom of the
six-membered oleﬁn systemwhen compared to the ﬁve-membered
Table 2
Enantioselective HM arylation of oleﬁn 1 varying the arenediazonium salt
MeO2C CO2Me
1
N2BF4
a: Pd(CF3CO2)2 (10 mol%), ligand II (20 mol%), DTBMP (1 equiv),
MeOH (0.14 M), 60 °C, 1h
2a-k
∗
CO2Me
CO2Me
3a-kR R
a
∗
CO2Me
CO2Me
CF3
83%
(84% ee)
3a
∗
CO2Me
CO2Me
I 76%
(74% ee)
3b
∗
CO2Me
CO2Me
MeO
Cl
87%
(74% ee)
3c
∗
CO2Me
CO2Me
NO2
74%
(72% ee)
3d
∗
CO2Me
CO2Me
O2N
63%
(76% ee)
3e
∗
CO2Me
CO2Me
MeO
91%
(70% ee)
3f
∗
CO2Me
CO2MeOMe
76%
(60% ee)
3g 3h
∗
CO2Me
CO2Me
83%
(60% ee)Ph
∗
CO2Me
CO2Me
NC
96%
[α]D 20 + 190 (c 4.9 in MeOH)#
3i
∗
CO2Me
CO2Me
F3C
85%
[α]D 20 + 142 (c 12.8 in MeOH)#
3j
# Enantiomers were inseperable by chiral HPLC and capillary chiral GC.
CO2Me
MeO2C
∗
CF3
∗
CO2Me
CF3
5
69% yield
(54% ee)
7
91% yield
1:1.2 d.r.
(60% ee/ 82% ee)
CO2Me
Pd(CF3CO2)2 (10 mol%)
ligand II (20 mol%)
DTBMP (1 equiv)
MeOH
60 °C, 1h
Pd(CF3CO2)2 (10 mol%)
ligand II (20 mol%)
DTBMP (1 equiv)
MeOH
60 °C, 1h
CO2MeMeO2C
+ 2a
+ 2a
4
6
Scheme 1. Enantioselective HM arylation of other nonactivated oleﬁns.
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oleﬁn might also have an inﬂuence on the stereochemical outcomeof theseHMarylations. Arylation of oleﬁn 6 bearing only onemethyl
ester group afforded a diastereoisomeric mixture of the Heck ad-
ducts in a ratio of 1:1.2. Despite the low diastereoselectivity in this
case, we observed very good enantiomeric excesses for both Heck
adduct (60% and 82% ee for compound 8 in Scheme 1).
Recently, our group has demonstrated that the chelating prop-
erties of ester, carbamates and amides groups may have a strong
impact on the reactivity and on the regio- and stereoselectivity
of the HM reaction.13 We hypothesize that the esters group might
be participating in the transition states deﬁning the overall out-
come of the HM arylation. Further research is ongoing to conﬁrm
this assumption.
Conclusion
In summary, these initial studies demonstrated for the ﬁrst time
the feasibility of an enantioselective reaction employing arene-
diazonium salts. This method was successfully applied in the enan-
tioselective Heck–Matsuda reaction using chiral bisoxazolines as
ligands.7 The operational conditions found for these ﬁrst enantio-
selective HM arylations were remarkably simple, providing good
to excellent yields of the HM adducts (63–96%) in enantiomeric ex-
cesses which varied from 54% up to 84% ee. Further investigations
are ongoing in our laboratory to extend the scope of these novel
HM reactions and to deﬁne the absolute stereochemistry of the
Heck products.
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